In this section the mesoscopic model of coffee filtration is presented. The solid phases 180 will be modelled based on the different characteristic dimensions of the specific components.
181
In particular, in the problem of coffee filtration three main characteristic dimensions are 
195
In the isothermal case, the following set of ordinary differential equations for the particle Navier-Stokes equations
where the time derivative is Lagrangian and W ij = W (r = r ij ) is a kernel function and
199
W ij = ∂W (r)/∂r| r=r ij its spatial derivative. r ij = r ij = r i − r j , e ij = r ij /r ij is the unit 200 vector joining particles i and j, whereas v ij = v i −v j their corresponding velocity difference. 201η ij = (η i + η j )/2 is the averaged dynamic viscosity of the fluid and η i is the local value of 202 viscosity associated to particle i.
203
The current formulation allows to model variable local viscosity similar to the model pre-
204
sented recently in Ref.
46 for shear-thickening fluids. In the simplest case of η i = η j = η 0 the We consider here the most general case where the diffusion coefficient D(r) can be space-242 dependent. The corresponding Lagrangian SPH discretization reads
where the time derivative is Lagrangian and release coefficient D r such thatD i,j = D r only if particle i and j belong to different phases. 
419
The speed of sound is chosen sufficiently large than V max to reduce density fluctuations, i.e. 
IV. NUMERICAL RESULTS

427
A. Inverse filtration process: transient permeability 
443
Initially a direct discharge process with constant pressure forcing is applied up to dimension-
444
less times approximately equal to t * = t/τ ν = 38. This is followed by a resting state (zero According to the time scale shown Fig.7 , the temporal window explored is in the range of
544
[0-25]s which corresponds to the typical time for an espresso preparation.
545
Effect of fine concentration θ
546
We first select two typical values of diffusion coefficients consistent with the discus- after which the output compound content in the cup decreases softly.
557
This peak value is shifted towards larger times and increases in magnitude for increasing θ. preventing a proper release of substances into the fluid. with coffee filtration 8 , i.e. a maximal-peak/minimal-steady Reynolds numbers Re ≈ 10 − 1.
580
In Fig.9 we look at the effect of several parameters on the resulting output cumulative 581 molecular content. In particular, in Fig.9 (left) the cumulative output content is shown In order to move towards more realistic test-cases in the future, an exact prescription of the 706 three-dimensional coffee bed porosity should be obtained by separate experimental technique the actual flow. All these physical feature need to be accurately taken into account for a
